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As part of a study to determine the differences in energy
requirements and feeding strategies of comparable larvae in
two contrasting environments (polar—Antarctica; temper-
ate—California), we investigated the role of dissolved organic
matter as a food source for echinoderm larvae. Our approach
was to:
• measure the concentrations of dissolved amino acids and

sugars in samples of seawater from McMurdo Sound taken
from areas where larvae have been found in net-tows,

• measure the rates of transport of specific organic substrates
into larvae,

• measure the metabolic rates of larvae as a basis for a com-
parison of the contribution that the transport of dissolved
organic matter could provide to larval energetics, and

• determine whether those stages of development lacking a
digestive system can increase in biomass in the absence of
particulate foods.
The concentrations of amino acids and sugars dissolved in seawater.

The concentrations of amino acids and sugars dissolved in
seawater from McMurdo Sound were measured using high-
performance liquid chromatography. Figure 1 shows some rep-
resentative data. The upper part (figure 1, block A) shows the
composition of dissolved amino acids from three environ-
ments: the sea ice, water column, and the benthos. The sam-
ples were taken late in the austral winter (23 September 1989).
When samples were taken from the platelet sea ice later in the
season (austral spring, 17 November 1989), the diversity and
concentrations of amino acids increased (see inset, figure 1,
block A). The chemical spectrum of dissolved sugars in sea-
water from McMurdo Sound is shown in the inset in figure 1,
block B. The spectrum is composed of three major sugars:
glucose, fructose, and sucrose. The concentration of sugars
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Figure 1. Dissolved amino acids and sugars in seawater from
McMurdo Sound, Antarctica. A. Dissolved amino acids: samples
were taken (23 September 1989) by scuba divers from under the
sea ice (chromatogram labeled 'Ice"), from the water-column at a
depth of 10 meters, and from the seawater-sediment interface at
the same location (depth of approximately 24 meters, chromato-
gram labeled "Benthos"). These three chromatograms are to the
same scale (i.e., peak areas are proportional to substrate concen-
tration). Peaks marked "?" are not identified because they did not
have the same elution time as standards. Peaks marked refer
to the peaks for lie, Leu, and Lys (in order). The NH 4 + peak Is
marked "?" to emphasize that the concentration of NH 4 + (am-
monium) is uncertain because the sample was frozen for several
(no more than 6) hours prior to analysis. Inset chromatogram (dif-
ferent scale) shows the dissolved amino acids In a sample of sea-
water taken later In the season (17 November 1989) from underneath
the sea Ice. B. Dissolved sugars: inset chromatogram shows the
spectrum of dissolved sugars In seawater. Histogram gives a depth
profile of dissolved sugars. Samples for this depth profile were
taken (13 November 1989) with a Niskin bottle at depths of 5, 10,
and 20 meters.
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was found to change as a function of depth, as can be seen
from the histogram where the highest concentration of sugars
was found at 10 meters (samples taken 13 November 1989).

The transport rates of dissolved organic matter by echinoderm lar-
vae. Figure 2, block A shows a representative set of experiments
designed to measure the relative rates of transport of different
substrates by larvae. Prism-stage larvae of the echinoid Ster-
echinus neumayeri were shown to be capable of transporting all
classes of compounds tested, with the highest rates of trans-
port being for alanine, and the lowest for glucose (figure 2,
block A). The change in the rate of alanine transport as a
function of development was studied for the larvae of several
species of echinoderms. The lower graph in figure 2 shows
the data for different stages of development of the asteroid
Odontaster validus. The graph shows a plot of the effect of
increasing alanine concentration on the rate of alanine trans-
port. A substantial increase in the maximum rate of alanine
transport (Jmax) was observed as development proceeded. The
increase in the Jmax indicates that, as development proceeds,
the number of transport sites for alanine increases.

The metabolic rates of larvae. The rates of respiration of em-
bryos and larvae of the asteroid Odontaster validus are shown
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Figure 2. Transport of dissolved organic material from seawater by
echinoderm larvae reared from adults taken from McMurdo Sound,
Antarctica. A. Comparative rates of transport of alanine, acetate,
palmitate, glycerol, and glucose dissolved in seawater by prism-
stage larvae of the echinoid Sterechinus neumayeri (26 days old).
The rate of transport of each substrate was determined in a sep-
arate experiment. Each substrate concentration was 1 micromolar
at the start of each of the 5 experiments. B. Ontogenic changes in
the kinetics of transport of dissolved alanine during the develop-
ment of the asteroid Odontaster validus.

in figure 3, block A. The metabolic rates of embryonic and
larval stages of this species were low, ranging from 2 to 4
picomoles of oxygen per individual per hour (figure 3, block
A).

The contribution of dissolved organic matter to larval energy re-
quirements. The transport rate of an organic substrate by em-
bryos and larvae is dependent upon the concentration of that
substrate in the natural environment. From the data for dis-
solved amino acids in seawater given in figure 1, block A, the
total concentration of neutral amino acids was found to be
approximately 500 nanomolar. The rate of transport of a neutral
amino acid (alanine) by gastrula of Odontaster validus is shown
in figure 2, block B. The corresponding metabolic rates are
given in figure 3, block A. Combined, these data allow for the
following calculations. From a substrate concentration of 500
nanomolar, a gastrula would transport neutral amino acids at
a rate of 0.6 picomoles per individual per hour. Such low
molecular weight amino acids (e.g., alanine) would require 3
moles of oxygen per 1 mole amino acid for complete combus-
tion. Thus, a transport rate of 0.6 picomole amino acid per
individual per hour, expressed as oxygen equivalents, could
support a metabolic rate of 1.8 picomoles oxygen per individual
per hour. Taking the average metabolic rate of gastrulae of
Odontaster validus to be 3.0 picomoles of oxygen per individual
per hour, then the transport of amino acids from seawater
could support 60 percent of the metabolic needs (i.e., the ratio
of 1.8 to 3.0). Complete compensation of the metabolic rate
could be obtained if the neutral amino acid concentration in
the environment were to be 833 nanomolar.
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Figure 3. Metabolic rates and changes in biochemical composition
during the development of the asteroid Odontaster validus. A. The
rates of oxygen consumption during the early development of
Odontaster validus. Metabolic rates were measured at -1.4° C us-
ing polarographic oxygen electrodes. B. Changes in biomass (ash-
free dry organic mass), lipid, and protein during the early devel-
opment of Odontaster validus. Embryos were reared in particle-free
seawater (here defined as seawater passed through a 0.2-microm-
eter pore size filter). Error bars represent 1 standard error of the
mean. Where no bars are shown, the error bar fell within the graph-
ical representation of the data point.
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The calculations given above reveal that dissolved organic
matter could supply a significant input to the energy needs of
embryos and larvae. The data given in figure 3, block B further
support this suggestion. Eggs of Odontaster validus were reared
for 35 days in particle-free seawater. During this initial 35-day
period of development, the embryos lack a digestive system
and are unable to feed on particulate material. Yet, we ob-
served a net increase in dry organic mass during early devel -
opment. Biomass doubled during this period from the egg
(625±18 nanograms) to the gastrula stage (1,355±71 nano-

grams). Thus, growth occurred for those stages lacking a diges-
tive system, presumably through the use of dissolved organic
matter.
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Daily variability
of phytoplankton and

oceanographic parameters
during the fall

in Arthur Harbor
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A survey of several biological and physicochemical param-
eters was carried out in the vicinity of Palmer Station (Arthur
Harbor) (64°46'S 64°05'W) from 21 March to 22 April 1990. The
goal of this research was to understand the behavior of phy-
toplankton during this period and to complement future in-
vestigations on microzooplankton variability and survival of
diatom resting forms.

A high-resolution sampling was deployed during the in-
vestigation period. Subsurface Niskin water samples were taken
daily for seawater analysis, and net plankton tows were per-
formed with a 26-micrometer net for qualitative studies. Chlo-
rophyll a measurements were done by filtering seawater through
Whatman GF/F glass fiber filters; readings of extinctions of 90
percent acetone pigment extracts were carried out with a dual
beam spectrophotometer; and equations of Jeffrey and Hum-
prey (1975) were used for the calculations. Relative carotenoid
concentrations were expressed as the ratio between 480- and
663-nanometer extinctions of the acetone extracts (Howard-
Williams and Warwick 1989). pH was measured with a Cole-
Parmer ph-meter; salinity with a Beckman induction salino-
meter, and temperature with an YSI model 58 oxygen-tem-
perature probe. Wind velocity and direction were recorded by
the anemometer of the station, and daily incident energy of
visible sunlight was measured with an Eppley Precision Spec-
tral Pyranometer (Biospherical Instruments Inc.). Seawater
samples for nutrient studies were stored frozen at —30 °C for
subsequent analysis with a Technicon II Autoanalyzer system
in the laboratory of the Instituto Antartico Argentino. Three
replicate samples of seawater were filtered through pre-com-
busted (500 °C) CF/F Whatman glass fiber filters for carbon-
hydrogen-nitrogen analysis. This material was lyophilized and

stored frozen at —30 °C. Determinations will be done in the
laboratory of the University of Quebec at Rimouski (Depart-
ment of Oceanography).

Salinity levels increased gradually during the period studied
as a result of the decrease of summer freshwater runoff (Krebs
1977); while temperature showed a generally inverse pattern
(figure, blocks B and C). Superimposed on this general trend,
cyclic variations in both salinity and temperature were ob-
served, with higher values following stormy days. Bienati and
Comes (1970) and Krebs (1977) pointed out that the water
column remained stratified until April in Paradise Bay and
Arthur Harbor, with coldest temperatures and lowest salinities
at the surface as a result of the input of meltwater from the
surrounding glaciers. Cross-correlation analyses of the de-
trended data showed that these periodicities were strongly
associated with wind fluctuations. During the investigation
period, wind blowed 76 percent of the time from the north-
northeast-northwest-east-west quadrants. This engendered lo-
cal events in which surface water was pushed offshore, giving
rise to subsequent upwelling processes that could explain the
above-described variability.

The behavior of phytoplanktonic standing crop in the area
of Arthur Harbor has been described by Krebs (1973, 1977) as
presenting characteristic blooms in spring, summer, and fall.
The present study focused on the high-frequency temporal
variability of phytoplankton at the end of the fall growth pe-
riod. Throughout the period of our observations, chlorophyll
a values decreased consistently, in agreement with decreasing
incident radiation, temperature, and pH (figure, block A). The
decrease in pH values reflected a transition from a situation
dominated by primary production to one where heterotrophic
activity became increasingly important, which confirms the
results of Krebs (1977) and Shabica, Hedgpeth, and Park (1977).
A significant negative correlation was found between relative
carotenoid concentrations and variations in daily incident ra-
diation (figure, blocks D and E). Goldman, Mason, and Wood
(1963) suggested that fluctuations in carotenoid/chlorophyll a
ratios are more closely associated with chlorophyll degradation
than with carotenoid buildup, and Auclair et al. (1982) showed
the presence of high-frequency endogenous chlorophyll a syn-
thesis and degradation, triggered in a response to changes in
the stability of the water column during the semi-diurnal tidal
cycle. The observed daily variability of the carotenoid ratio
could be explained by similar mechanisms, suggesting a high
degree of adaptability of the dominant phytoplankton assem-
blages to the adverse light conditions characteristic of the late
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